In Japan, national official surveillance for influenza has been performed at about 5,000 sentinel hospitals/clinics by the National Official Sentinel Surveillance of Infectious Diseases (NOSSID). Meanwhile, all electronic medical claims nationwide in the National Database of Electronic Medical Claims (NDBEMC) were recently disclosed by the Ministry of Health, Labour and Welfare of Japan. We compared the regional variation of influenza incidence among prefectures between the NOSSID and NDBEMC. The data were extracted from NOSSID and the NDBEMC for the 2010/2011 through 2013/2014 seasons. We compared the data of both datasets season by season by using Spearman's rank correlation in each season. Spearman's rank correlation values for the four seasons were 0.7823, 0.3907, 0.4961 and  0.4543, and their p-values were less than 0.00005, 0.0066, 0.0004 and 0 .0013, respectively. Statistically, regional variation of influenza incidence in NOSSID is not imprecise, but its correlation with the NDBEMC dataset is not so high. It is important to note this fact when interpreting regional variation in NOSSID.
Introduction
Official surveillance, especially for influenza, is sentinel surveillance in many countries such as the United States (https://www.cdc.gov/flu/weekly/overview.htm), Europe (http://flunewseurope.org/System) and Japan. Because sentinel surveillance is not comprehensive, its interpretation or preciseness should be evaluated more comprehensively and precisely, as so called "big data," and not as timely information. "Big data" has not been available in the past, and thus sentinel surveillance has been considered to be the gold standard without evaluation its preciseness. However, recently, we have had access to "big data" with which to evaluate sentinel surveillance.
Based on the Law Related to the Prevention of Infectious Diseases and Medical Care for Patients of Infections (The Infectious Diseases Control Law) in Japan, national official surveillance for influenza has been performed at about 5,000 sentinel hospitals/ clinics, which represent about one tenth of the pediatric or internal medicine facilities nationwide. We call this system the National Official Sentinel Surveillance of Infectious Diseases (NOSSID) (1, 2) . As there has been no comparable surveillance so far, the preciseness of NOSSID cannot be evaluated. Recently, however, data of almost all electronic medical claims nationwide have been disclosed in the "National Database of Health Insurance Claims and Specific Health Checkups of Japan" (3) by the Ministry of Health, Labour and Welfare (MHLW) of Japan (4-7). We call this the National Database of Electronic Medical Claims (NDBEMC). This data covered 98.4% of all medical claims made in 2015 (8) . All doctors must record a diagnosis for medical claims; therefore, this data must necessarily constitute the most reliable data source to date. Exceptionally, only small clinics operated by only one doctor older than 65 years of age were exempted from providing non-electronic medical claim information as an interim measure.
In Japan, almost all influenza patients receive a rapid diagnostic test. Therefore, influenza patients in Japan are not patients with influenza-like-illness; rather, they are patients actually diagnosed as having influenza by a rapid diagnostic test. Information in both NOSSID and the NDBEMC is reported by the diagnosing doctor. For NOSSID, doctors have to report their diagnostic information to the public health center weekly. NDBEMC contains the information they send monthly to the health insurer when submitting electronic medical claims, which includes the diagnosis.
Our previous study evaluated the number of influenza patients from NOSSID nationwide (9) . In the present study, we focus on the regional variation of influenza incidence among prefectures in NOSSID in comparison with that in the NDBEMC. So far, as there is no more comprehensive information available than that from sentinel surveillance, we have to believe that the sentinel surveillance data is accurate. For example, the MHLW or mass media have sometimes reported the highest influenza incidence in a prefecture based on sentinel surveillance. However, we questioned whether the information was true or credible. This study attempted to answer this question by using NDBEMC, which has the most comprehensive data, to evaluate the preciseness of NOSSID by comparing the data of NOSSID with that of NDBEMC.
Materials and Methods

Data and study period
NOSSID for influenza has about 5,000 sentinels, which represent almost one tenth of all pediatric or internal medicine clinics/hospitals nationwide. Among these 5,000 sentinels, 3,000 are pediatric clinics/hospitals and 2,000 are clinics/hospitals for adult patients. They report the number of influenza patients per sentinel weekly by prefecture. Age, sex, and other characteristic of the patients were not available. We used the published data of the number of reported patients by prefecture weekly.
The NDBEMC can be used to count patients diagnosed as having influenza. We used the reported number of patients who had been diagnosed as having influenza, excluding suspected cases but including complex cases, by prefecture and by month in the NDBEMC. Age, sex, and other characteristic of the patients were also not available in this application. In May 2015, approximately 98.4% of all electronic medical claims were covered (8) . Data from the NDBEMC were available from April 2009 through March 2015. We obtained permission to use this data for research purposes.
The influenza season was defined as the period spanning September to August of the following year or, equivalently, from the 36th epidemiological week to the 35th epidemiological week of the following year. The study period was from the 2010/2011 season through the 2013/2014 season.
Statistical analysis
Data from NOSSID were aggregated in the season by prefecture and divided by the number of sentinels in each prefecture. Data from the NDBEMC were aggregated in the season by prefecture and divided by the population in each prefecture. The mid-year population during each season was adopted as the population for each prefecture. Since the data distribution was not linear, thus we decided to apply non-parametric method. We compared the rank of influenza incidence by prefecture in both datasets season by season for the study period so as to solve objective in the present study. We used Spearman's rank order correlation among prefecture in the incidence of influenza in each season. We adopted 5% as a significant level.
Ethical considerations
This study used only anonymous data that had been delinked from individual patient information. Therefore, ethical issues related to medical institutions and pharmacies do not pertain in this study. The NOSSID data were open to all. Author MK was approved to use the NDBEMC data by the MHLW on July 27, 2016 (Research project: Estimation of the number of patients of infectious diseases).
Results and Discussion
Figure 1 shows the regional variations in the incidence rate in the NDBEMC over the four seasons, and Figure  2 shows the regional variations in the total number of patients per sentinel in NOSSID. These figures show that the influenza incidence in the 2013/2014 season, which is shown as a black line in the graphs, was higher than that for other three seasons in almost all prefectures in the NDBEMC, whereas in NOSSID, there was no clearly dominating season in almost all prefectures. Table 1 shows the prefecture rankings for the number of influenza cases in both datasets. We can see some discrepancies among the NDBEMC and NOSSID. For example, Okinawa was on top for three seasons in NOSSID and in second place in the 2012/2013 season. It was also second in the NDBEMC for three seasons, but it was 43rd, which was 5th from the bottom, in the 2012/2013 season. Conversely, the top prefectures in the NDBEMC did not appear in the top ten of NOSSID in the same season except for Hiroshima in the 2012/2013 of the NDBEMC and NOSSID. For example, Okinawa prefecture was the top prefecture in three of the four seasons in the NOSSID ranking, but it was never ranked on top in the NDBEMC. In the exceptional season of 2012/2013, Okinawa prefecture was ranked second in season. Spearman's rank correlation coefficients for the four seasons were 0.7823, 0.3907, 0.4961 and 0.4543, and their p-values were less than 0.00005, 0.0066, 0.0004 and 0.0013, respectively.
It shows some discrepancies between the rankings NOSSID but fifth from the bottom in the NDBEMC. Similarly, Wakayama prefecture was ranked as the least flu-prevalent prefecture in the two seasons of 2010/2011 and 2013/2014 in NOSSID, but it was never ranked as the lowest in the NDBEMC. The exceptional case was Shimane prefecture in the 2011/2012 season. It ranked as the least prevalent prefecture in both datasets. These discrepancies between the two datasets may have caused the low rank correlation of around 0.5, even though the four p values were quite small, and the null hypothesis that the two datasets were independent was rejected in all seasons. We can surmise three reasons for the low rank correlation. First, in principle, the sentinels in NOSSID were chosen randomly. However, they were determined as the outcome of bargaining between the local government and the regional medical associations, and thus, in fact, the sentinels were not selected randomly. For example, if a local government would like to know about the early stage of an outbreak, they might ask Season larger hospitals and clinics to be sentinels. This process may bias the NOSSID data. The second reason relates to bias in the proportion of sentinels. Among the 5,000 sentinels in NOSSID, about 3,000 are pediatric clinics/ hospitals and 2,000 are clinics/hospitals for adult patients. Thus, the coverage in children is much higher than that in adults, even though its ratio is not well known because the age distribution of the pediatric and adult patients was not published by prefecture. Therefore, NOSSID may reflect epidemics in children much more accurately than in adults. In contrast, the NDBEMC has no such bias in age because almost all electronic claims are included. This difference in the two datasets may have caused the low rank correlation. The third reason might be incompleteness of the NDBEMC. As explained above, the coverage of the NDBEMC was quite high but not 100%. The information defect may occur at small clinics operated by only one older doctor. In such cases, the doctor can report records by handwriting, rather than electronically, and this interim measure can cause this defect. If there were systematic variations in the proportion or size of these small clinics to which the interim measure was applied, among regions, the lack of these clinics' data might cause bias in the NDBEMC and thus a subsequent lower rank correlation with NOSSID. However, since such a defect might affect a very small proportion of the data at least in the national average, and there is no specific reason for systematic variations in the proportion or size of these small clinics among regions, the possibility of this effect might be small.
There were some limitations in this study. First, we examined regional variation in influenza, but we do not know whether similar phenomena might be observed in other infectious diseases including respiratory syncytial virus infection; gastrointestinal infections; varicella; hand, foot and mouth disease; erythema infectiosum; or pertussis. Therefore, we cannot extend the obtained result to NOSSID itself.
Second, though we do not know the age distribution of the patients with influenza in NOSSID, we will be able to obtain it from the NDBEMC with a future application. Such information on age distribution may be insightful in interpreting regional variation. As mentioned before, the sentinels in NOSSID were designed to bias to pediatric patients rather than adult. Conversely, NEDEMC does not have those bias in age distribution. This difference might cause some discrepancies in two data set.
Third, as we have examined no research in countries other than Japan, we cannot apply the obtained results to sentinel surveillance itself, especially as related to other countries. As medical claims or records in other countries are available, we need to verify the preciseness of the sentinel surveillance.
In conclusion, we found that regional variation in the influenza data in NOSSID was not imprecise statistically, but its correlation with the NDBEMC dataset was not so high. It is important to note this fact when interpreting regional variation in the NOSSID data. The examination of infectious diseases other than influenza remains as a future challenge.
